Oral pharmacokinetics of baicalin, wogonoside, oroxylin A 7-O-β-d-glucuronide and their aglycones from an aqueous extract of Scutellariae Radix in the rat.
Scutellariae Radix (SR) has been extensively prescribed in folk medicines due to its notable beneficial activities. The flavonoid glucuronides baicalin (BG), wogonoside (WG), oroxylin A 7-O-β-d-glucuronide (OG) and their aglycones baicalein, wogonin and oroxylin A, are the main components of the herb. So far, majority of previous studies failed to report the pharmacokinetics and none offered an explanation for the systemic exposures of these six flavonoids when the herbal extract was orally administered. In this study, when a SR extract was orally dosed to rats (800mg/kg, equivalent to BG 324.80, WG 124.00, OG 43.04, baicalein 25.36, wogonin 24.40, and oroxylin A 5.79mg/kg), all six flavonoids were detectable throughout the experimental period (48h) using an LC-MS/MS method with the Cmax and AUC0-48h of the glucuronides 10-130 times that of respective aglycones. As the lowest among the three glucuronides in the herb, OG was the most abundant in vivo, while the systemic exposure of wogonin was the highest amongst the three aglycones. The dose-normalized AUC0-48h descended in orders of OG/oroxylin A, WG/wogonin and BG/baicalein. Two di-conjugates of baicalein (BG glucuronide and BG glucoside), two BG isomers (minor BM1 and major BM2), and one WG isomer (wogonin 5-O-glucuronide) were detected in rat plasma. Semi-quantitation of the isomers with peak area data revealed that the AUPs (area under peak area ratio-time curves) of BG isomers were ∼3 times that of BG, yet the AUP of wogonin 5-O-glucuronide was only one seventh of WG. BM2, tentatively assigned as baicalein 6-O-glucuronide, was formed from both microbial isomerization of BG and hepatic glucuronidation of baicalein. Wogonin 5-O-glucuronide was only formed in hepatic glucuronidation of wogonin. Demethylated wogonin was observed in gut bacteria, offering an optional origin of BM1 apart from baicalein glucuronidation. Microbial isomerization of BG and extensive hepatic glucuronidation of baicalein to form BM2as well as a poorer intestinal permeability of baicalein (Papp×10(-6)cm/s) should account for the lower systemic exposures of BG and baicalein. Faster microbial hydrolysis of WG, high intestinal permeability (Papp×10(-5)cm/s) and less hepatic glucuronidation of wogonin explain the relatively high systemic exposure of wogonin. Sole microbial deglycosylation of OG, high intestinal permeability (Papp×10(-5)cm/s) and extensive hepatic glucuronidation of oroxylin A supported the highest systemic exposure of OG. Taken together, the oral kinetics of six flavonoid glucuronides and aglycones in the SR extract were simultaneously obtained. Microbial conversion, intestinal epithelial permeability and hepatic glucuronidation are determinant factors for their systemic exposures.